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NOMeleHHH MeXaHuyecKoro yuacTKa 
MHCTPyMeHTAaJIbHOrO wexa 
MallUMHOCTPOUTeJIbHOTO IpeAMpuATua. 
VMccnenqoBpaHHwe COCTOAIO H3 #He€CKOJIbBKHX 


9TallOB: MaTeMaTHYecKOrO pacueTa ypoBHel 
3ByKOBOro yaBleHHa (Y3J]) B auddy3HomM 
3BYKOBOM IlO/Ie C IpHMeHeHHeM TporpaMMHou 
cpeubi Microsoft Excel, B xone KoTOporo ObIIM 


mosyueHpr 3HayeHua Y3JI B 85 ToOUKax 
MOMeIIeCHUA; pa3pa0oTKu KOMIMI€KCHOU 
MaTeMaTHYeCKOH MOsleIM paciipocTpaHeHusa 


3ByYKa B IIpOW3BOACTBEHHOM ITIOMeIIICHHU C 
UCHONIb30BaHHveM cpebl Mathcad Application; 
(DOPMYJIMPOBKU pekoMeH alu 110 
IIPHMeHeHHIO TOJyIeHHOH MogemM. Mores 
cpene PTC 


pa3spa0oTaHa B HporpaMMHon 


Mathcad Application psepcuu 15.0 4u 


ONTHMUM3NpoBaHa JIA pellleHHA OCHOBHBIX 
MH KCHEPHbIX 3afad cCllelwMalucTa MO OxpaHe 
Tpywa lupu 


pacuerTos. 


IIPOBC CHUN aAKYCTUUCCKHX 


Pa3pa0oTKa BKJIEOUaeT Kak 
IIpOrpaMMHble HaCTpOMKU, Tak HU UTOTOBbIe 3 D- 


rpaduku. 


Ku104eBble CJIOBa: akycTuKa, WIyM, Wuddy3Hoe 

lloyie, MaTeMaTH4YecKad MOXeb, Mathcad. 
Bpezenne. Cpenu HanOoslee 

paclIiIpOcTpaHeHHbIX BpeAHbIX MPOH3BO],CTBCHHbIX 


(baKTOPOB Ha TIpOTs2»KeHHM MHOFHuX ecATHWIeTuH 


09://bps-journa 





Tu —— 


UDC 628.517.2: 51-74 
DOI 10.23947/2541-9129-2017-3-2-17 


INVESTIGATION OF NOISE 
PROPAGATION PROCESS THROUGH 
INTEGRATED MATHEMATICAL MODEL 


I. V. Bogdanova, I. N. Loskutnikova, 
K. A. Zayashnikova 


Don State Technical University, Rostov-on-Don, Russian 
Federation 


bogirka @ gmail.com; 
Lvica.inna@ yandex.ru 
kristall-net7 @ yandex.ru 


The article provides the study of the formation of 
acoustic fields in the production space of the 
mechanical area of the tool room of the machine- 
building enterprise. The study consists of several 
stages: mathematical calculation of sound 
pressure levels (SPL) in a diffuse sound field, 
during which the values of SPL in 85 points of 
the room were obtained using the Microsoft Exel 
environment; 


software development of an 


integrated mathematical model of sound 
propagation in a production space using Mathcad 
Application; formulation of the recommendations 
on the application of the model obtained. The 
model is developed in the software of PTC 
Mathcad Application, version 15.0 and is 
optimized for the solution of the basic 
engineering tasks of the occupational safety 
specialist when performing acoustic calculations. 
The development includes both software settings 


and final 3D graphics. 


Keywords: acoustics, noise, diffuse field, 


mathematical model, Mathcad. 
Introduction. For many decades, scientists 


consider noise effects among the most common 
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yueHble OCOOO BBbIeCAIOT WIyMOBbIe 3ddexKTHI 
[1]. Dro cBa3aHO C TeM, Y4TO OTpHIaTeIbHOe 


ltyMa 
YeIOBeUeCKOM OpraH3Me, TaK WH Ha KauecTBe 


BJIMAHUC CKa3bIBaeCTCA Kak Ha 


IIPOU3SBOACTBCHHOTO Wpowecca —— 
IIPOCJICHKUBACTCA CHIDKCHHC 
IIDOU3SBOTNTCJIBHOCTH Tpya, CHWKaeCTCA 


SKOHOMHUeCKad 9@PeKTHBHOCTb NpexqpuATHA 


[2]. 


Vi3BecTHO OOJIbILOe KOJIMUeCTBO 
TeXHOJIOFM4eCKHX IIPOWeccOB HU MpOv3BOJICTB, 


KOTOpbIe COMPOBOXKTaroTca 


lryMa. 
TEXHOJIOPM4CCKUX WM KOHCTPYKTOPCKUX OF0po, 


MOBBILMCHHbIM 
YPOBHeM IlopcemMecTHo, B 
KOMIIBIOTEpHBIX KJIaccaxX HU BbIMMCJIMTeCJIBHbIX 
IWeHTpax, COOPOYHBIX, TasIbBaHH4ecKUX Ilexax 
JIA CO3aHWA OITHMaJIbHBIX MU JIOMYCTHMBbIX 
TlapaMeTpOB BO3JYIIIHOH Cpebl HCMOJIb3SyIOTCA 
KOHJMUMOHEPbI A BCHTHJIAIMOHHbIC YCTPOHMCTBA, 
uryMa 
QJIEKTPpOMarHHTHOrO =H 


KOTOpbIc <ABIIAIOTCA UCTOUHHKAaMU 
ax poTMHAMH4eCKOTO, 
MexaHHyeckoro xapaktepa. IIpu gzpeBo- u 
MeTal000paO0oTKe Cpe UCTOUHHKOB IlymMa 
CTAaHOUHBIN 


BbITCJIAFOT HMHCTPYMCHT Gt 


odopy0BaHHe, B3aHMOJICHCTBYFOILee Cc 
3aroTOBKOl (9IeKTpOMexaHiyeckue u 


HMHCBMaTHUOUeCCKHe IIDHBOLbI CTAHKOB, 


HecOaylaHCHpOBaHHble WIeTKH UH 


pe3lbl, dpe3sl, 
WMbl uw T. .) [3]. Uiupokun nepeyenb tTakux 


POTODPBI 
QIIEKTPOJBUTaTeen, cBepsa, 


IIPOU3SBOUCTBCHHBbIX IIPOHWCCCOB TWO3BOJIACT 


clelaTb BbIBO. O TOM, 4YTO mpoodsema 
WcCJIeqOBaHHA WlyMa HW ero CHMKeHHA Ha 
CeroqHAUIHHN cBoen 


MOMCHT He TepAer 


AKTYaJIbHOCTH, HeCMOTpx Ha  JOcTaTOUHOe 
KOJIMYeECTBO CYIICCTBYFOINMX CpeJICTB MH MeTOJIOB 


ee pellleHHaA. 


Cyll[eCTBeHHBIM aCclieKTOM TIpv peleHuu TaHHOn 


IIPOOJICMBI ABIIACTCA YHTCrpuvpoBaHhe 


OOIM[CH3BeECTHbIX aAKYCTHYCCKHUX pacdeTOB B 
MHMOpPMAallMOHHY!O Cpeyly C WesIbIO UCKIIKOUCHHA 
BIIMAHHA YesOBedecKOrO (bakTOpa (OWMMOKH) Ha 
KOHCYHBIC Pe3yJIbTaTbI HW YBeUIMYeHHA CKOPOCTU 
oOpadoTKH WHMOpMallMH MHOFrosJIeEMeCHTHBIX HU 
MHOroaKkTOPHbIX 


pacueTos. B IeJIAX 


HMOBbIMICHHA KaAYCCTBa HOATOTOBKHN CITCHMaAJIMNCTOB 
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occupational hazards. [1]. This 1s connected with 
the fact that the negative impact of noise 
influence human body and the quality of the 
production process — we can see the decrease in 
labor productivity and in economic efficiency of 
enterprises [2]. 

There is a large number of technological 
which are 


processes and __ productions, 


accompanied by the increased noise. Air 
conditioners and ventilation devices which are 
sources of aerodynamic, electromagnetic and 
mechanical noise, are used everywhere, in 
technological and design departments, computer 
rooms and data centers, assembly rooms and 
galvanizing rooms to create the optimal and 
permissible parameters of air pollution. In 
woodworking and metalworking among the noise 
sources, we usually separate machining tools and 
equipment that interacts with the workpiece 
(electromechanical and pneumatic drives of 
machine tools, unbalanced brushes and rotors of 
electric motors, cutters, mills, drills, saws, etc.) 
[3]. A wide list of such production processes 
allows us to conclude that the problem of the 
study of noise and its reduction at the moment 
does not lose its relevance, despite a sufficient 
number of existing tools and methods to resolve 
it. 

An essential aspect in solving this problem is the 
integration of well-known acoustic calculations in 
the information environment in order to eliminate 
the influence of the human factor (errors) on the 
results and to increase the speed of information 
processing of multi-element and multi-factor 
calculations. In order to improve the quality of 


training of specialists on labor protection, the 





110 oxpaHe CUHMTAIOT 


Tpya 
HeOOXOJMMBbIMH pa3padoTKy UW lMpwMeHeHHe 


aBTODBI 


KOMINI€EKCHOM MaTeMaTH4YeCKOM MoOeIH C 


NMYCIHOJIBSOBAHHCM KOMIIbIOTCDpHO- 


MHMOpMalMOHHOH cpebl. JianHHat MOJIeJIb 


NHOJDKHa COOTBCTCTBOBATb OCHOBHbIM 


TIOJIOMKCHUAM CTATHCTHYeCKON TCOPHW akKYCTHKH, 


pealIbHy!0 = LTyMOByt0 
IIpeCTaBIATb B rpa*Pu4ecKOM BUe pe3yJIbTAaTHI 


OTPaxKaTb CHTYyallhbo, 


MojIenMpoBaHua. LlemecooOpa3Ho lmpuMeHeHne 
MOJIeJIM KaK B Hayasle aKYCTHYCCKUX pac4deToR, 
Tak MH Hp KOHTpOse 9PMeKTHBHOCTU BbIOPaHHbIX 
CpeJICTB 3all{MTHI. 

Pacyer Y3JI B uccletyeMoM NomMeleHHnH. 
UccneyqoBaHue UW Tporno3HpoBaHue lyMa Ha 
IIPOH3BOJCTBe TO3BOJIACT BbIYMCIIMTb YPOBCHb 
3BYKOBOLO JaBJICHHA B JIKOOOM TOUKe MOMeLIeCHHA 
MW OMpeeuHTb WapaMeTpbl MpoOcTpaHcTBeHHOro 
pacripeyzeneHua 


3ByKa, CJICOBATeJIbHO, 


CIHOCOOCTByeT IIPHHATHIO 9()deKTUBHBIX 


pelleHHM OTHOCHTEJIbHO Mep IO 3allMTe OT IlyMa 
[4]. 

Ha paccmaTpHBaeMOM MeXaHH4ecKOM yu4acTKe 
ObWIM BbIeICHbI JICBATb WCTOUHHKOB IlymMa 
(MLL), tmpu4em HanOonee BBICOKHH YyPOBeCHb 
mymMa oTmMeyeH B UII] (craHoK ToKapHo- 
1K625), VL6 
apToMaTuyueckui YB-1800) u WULI7 (cranox 


I[CHTPOBOU (1MCTOrHO 


OTpe3HOH Id $Tbe30KBapIeBbIX  IWIaCTHH, 
8A607). OTH OObeKTHI ObLIM UCCIeOBaHbI B 


paMkKax JlaHHoi padorTsi (puc. 1). 


YS 
Allo 





authors consider necessary to develop and to 


apply integrated mathematical models using 
computer-information environment. This model 
must comply with the main provisions of the 
Statistical theory of acoustics; reflect the real 
noise situation, present graphically the simulation 
results. It is advisable to use this model in the 
beginning of the acoustic calculations as well as 
in monitoring of the effectiveness of the selected 


protection equipment. 


Calculation of sound pressure level in the 
study area. The study and prediction of noise at 
production site allows us to calculate the sound 
pressure level in any place of the room and to 
define the parameters of spatial distribution of 
sound, therefore, it contributes to the effective 
decision-making concerning measures for 
protection from noise [4]. 

In the mechanical area were identified nine 
noise sources (NS), with the highest noise level 
recorded in NS 1 (center lathe 1K625), NS 6 
(automatic bending machine YB -1800) and NS 7 
(machine for cutting quartz plates 8A607). These 


objects were investigated in this work (Fig. 1). 


Puc. |. [iaH MexaHwyeckoro y4aCTKa HVHCTPYMCHTaJIBHOrO HCxXa MalIMHOCTPOHTCIIBHOPO NPC HiiIpuATUA C 


BbIeneHHeM MIL c HanOoNbIIMMU YpOBHAMH 3BYKOBOrO aBJICHHA 


Fig. I. Plan of the tool room mechanical area of the machine-building enterprise with allocation of NS 


with the highest sound pressure levels. 
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IIpu cranjapTHbIx pacuéTax  BBIYMCIIAIOT 
YPOBHH 3BYKOBOrO JaBIeHHA (Y3)]) B OHO, TByx 
M00 Tpéx pacueTHbIX TOUKaX (PT) (B 3aBHCHMOCTH 
OT IIpeXbABIAeMBIX TpeOOBaHHH UW ycOBM 
muddy3HocTu oa). B aHHoM cJlygae, Kora 
pacueTbI CIyKaT aJIbTepHATHBON 9BKCIICPHMeHTY, 
KouMuYecTBO PT omKHO ObITB HeEOOXOXHMBIM U 
JJOCTATOUHBIM JIA WOCTpoeHua Tosa wtyma [5], HO 
IpH 3TOM COOTBETCTBYHOIIMM HOPMaTHBHbIM 
JOKYMeHTaM I10 H3MepeHuto LilyMa. 

Ha tulaHe yuacTkKa ObIIM OlIpeesIeHbI YCJIOBHbIe 
pacuéTHbie «TOUKH U3MepeHHs», C Yy4eTOM 
craHyaptTos [5—7]. Jia u3MepeHua XapakKTepHCTUK 
TOCTOAHHOrO IlyMa Ha yuacTKe ObIM MOCTpOeHEI 
Hauasro 


TpH koOopyMHaTHbIe cucTembI = [8]. 


KOOpqMHaT KaKOM CHCTeMbI —  TOUKH, 
paciioJIOKeHHbIe B ICHTpe COOTBETCTBYIOINIeTO 
cTaHka [8]. OT ropH30HTaIbHOM JIMHUM KaK Oro 
cTaHka ObIIM IIpoBeyeHbl yan WOR yriom 45 
TpaylycoB. 3aTeM OlpeyeseHbl TOUKM JIA pacuera 
Y3)I: 

e llepBble pacuéTHbie TOUKH — _= Ha 
pacctosHun 1 M OT cCTaHKa B_ HallpaBsieHuu 
KaK Oro Iya; 

e locileyyromMe pacueTHble TOUKH — B 
HalipaBJICHH KaxKOrO Jty4a c wWaroM 2 M. 

Kaxjlaa Touka Oblla OO03HadeHa C MOMOIIIbIO 
Tpéxpa3psxyqHOW KOMOnHalMH uNcen — XXX. 
IlepBomy pa3psJly COOTBeETCTByeT HOMep cTaHka (1, 
6, 7); BTOpoMy — HOmep Jryya, BJOb KOTOpOrO 
pacnoslaraetca TouKa (oT | yO 4); TpeTbemy — 
HOMep TOUKH «H3MepeHua» (oT 1 wo 10). Takum 
nomyuusmw 85 tTowekK Ha 


00pa30M, aBTOPBI 


TeppuTopuH y4acTka (puc. 2). 
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In the standard calculations, we find the sound 


pressure levels (SPL) in one, two or three 
(RP) (depending on_ the 


conditions of field 


reference points 
requirements and 
diffuseness). In this case, when the calculations 
serve as an alternative experiment, the number 
of RP must be necessary and sufficient to build 
the noise field [5], but at the same time 
correspond to regulatory documents on noise 
measurement. 

The reference "points of measurement" were 
determined on the site plan taking into account 
standards [5-7]. To measure characteristics of 
continuous noise, three coordinate systems were 
built at the site [8]. The coordinate origin of 
each system is the point, located in the center of 
the corresponding machine [8]. From the 
horizontal line of each machine the rays at an 
angle of 45 degrees were constructed. Then the 
points to calculate SPL were determined: 

e the first reference points at a distance of 
1 m from the machine in the direction of each 
beam; 

e follow-up reference points in_ the 
direction of each beam in increments of 2 m. 

Each point was denoted with three-digit 
combinations of numbers — X.X.X. First 
category corresponds to the number of the 
machine (1, 6, 7); the second is the number of 
the beam, along which lays the point (1 to 4); 
third — the measure point number (1 to 10). 
Thus, the authors have received 85 points on the 
site (Fig. 2). 
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Puc. 2. Cxema pacnooxKeHuad pacueTHBIX TOUCK 


Fig. 2. Reference points location scheme 


IlomMelleHve ABIIACTCA COPa3MepHbIM, Mose WlyMa 
paccMaTpHBaeMoro y4acTKa CUHTaeM HealIbHO 


muddy3HbiM, 
HCTOUHUKOB, 


aAKYCTHUUCCKaA MOMUIHOCTB 


OTHOBPpeMeHHO W3J1y4arollux 
3BYKOBy!O 9HeEpPrro, ABJIAeTCA WOCTOAHHOU [2]. 
J\1a OlpeyeueHuA OKTAaBHbIX YPOBHeH 3BYKOBOTO 
yapienua L, B Ob B PI mnomemeHua B 30HE 
IpaMOro HW OTpaxKeHHOrO 3ByKa [3] HCHONb3yemM 
BbIpaxkeHne (1): 


0,1Ly, 
m |() iv.®O. Ay-(l-q.) 2 

L, = 101g; "= A ay -(l-a;) 5100) 
il; a,-S 


i=l 


(1) 


Oep, 

B dopmysie (1) BaxkHBIMM HCXOJHbIMH JaHHbIMu 
ABJIAKOTCA paccTosHua oT PI yO akycTw4eckHx 
weHTpos MIL, koTopbie Obi 3apaHee paccuuTaHBl 
Wa KaxKOMW TOUKH. OctTasIbHbIe MepeMeHHBIe 
BbIpaxkeHusA (1) H3MCHAIOTCA B KAXKTOM BbIOPAaHHON 
TOUKE HW OTParxkaroTcsA B pe3yIbTaTaXx pacuerTa. 


AKYyCTH4eCKHM pacueT ObIO pellieHO MpoBecTH C 


HCIIOJIb30BaHHeM IIporpaMMHOro IIpOtyKtTa 
Microsoft Excel 2010, dyHkuMu KkOoTOporo 
OTBeYaIOT  OCTaBJICHHbIM TpeOOBaHHAM = K 
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The room is proportionate, the field noise of the 
proposed location is believed to be diffuse, the 
acoustic power of sources simultaneously 
radiating the sound energy is constant [2]. To 
determine the octave sound pressure levels Lp in 
dB in RP of the facilities in the area of direct and 
reflected sound [3] we use the expression (1): 
L, = 104g 10 10; , v-(=94) & gta, 


i=l S; a,-S » 


(1) 


ep; 
In the formula (1) the distance from the RP to the 
acoustic centers of the NS is an important input 
data which was pre-calculated for each point. 
Other variables of the expression (1) change in 
each selected point and are reflected in the 
calculation results. 

The acoustic calculation was solved using 
Microsoft Excel 2010, functions of which meet 


the requirements to mathematical and, in 





TOUHOCTH MaTeMaTHW4eCcKHX HU, B 4acTHOCTH, 
akyCTHY4eCKHX pacyeToB. B BbiOpaHHo cpeye ObLI 
COCTaBJIeH WaONOH akycTuYeckoro pacyuéta PT, 
KOTOPBIN TpeyctaBsaeT coOoH KHUuTy Microsoft 
Excel. Ua0no0H Uucnonb30Basica WIA WosyueHua 
YMCJICHHBIX 3HayeHHH Y3JI Bo BCcex TOUKAaX 10 
(bopmyste (1) [3]. OcoOeHHOocTb TaHHOro mabm0Ha 
cocTOsIa B OlepaTOPCKOM KOHTposlIe 3HayeHHA 
KoopPdunveHTa Y, W3MeHAFOMeroca 10 rpaduKy, u 
3HayeHHaA KOOdMULMeHTa m, 3aBHCAIerO OT 
MHHUMAJIbHOrO Fr [2]. 

Ha pyc. 3 mpuBeqéH CKPHHIMIOT pe3yJIbTaTOB 
pacueTa ypoBHeH 3BYKOBOTO JaBsIeHuA B TOUKe No 


1.2.4. 


particular, acoustic calculations precision. The 
pattern of acoustic calculation of RP was built in 
the selected medium, which is a Microsoft Excel 
book. The pattern was used to obtain the 
numerical values of SPL in all points according to 
the formula (1) [3]. The peculiarity of this pattern 
was in the operator control of the value of the 
coefficient y, varying from a plot, and the values 
of the coefficient m depending on the minimum r 
[2]. 

Fig. 3 shows a screenshot of the results of 


calculation of sound pressure levels at the point 


no. 1.2.4. 
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Puc. 3. Pacuér ypoBHevt 3ByKOBOrO JaBlIeHua B TOUKe Neo 1.2.4 


Fig. 3. Calculation of sound pressure levels at the point No. 1.2.4 


TakuM 00pa30M Ob onpeyemeHbr Y3JI 10 BceM 


OKTaBHbIM osocaM B 85 PT. Jina yaoOcTBa no 


paccuHTaHHbIM JIaHHbIM Oba cOocTaBsIeHa 
rpaduyeckas MOJICJIb (MH YPOBH4) 
MeXaHHyecKOro yuactka, oTOOparKarollar 


3HaueHua Bcex PT u mpeyzcTaBieHHad Ha puc. 4. 


Thus SPL were determined for all octave 
bands in 85 RP. For convenience, the calculated 
data was compiled in a graphical model (level 
line) of the mechanical area that displays the 


values of all RP and is shown in Fig. 4. 
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Puc. 4. JImnuu ypoBHa paccuntTaHHEIx Y3]I 


Fig. 4. Level lines of the calculated SPL 


JlaHHad rpaduueckasdt MOJeub ABJIAeCTCA OOLIUM 
TOIEM paciipocTpaHeHHuA IryMa Ha UCCIesyeMOM 
yuacTKe. CTOMT OTMeTHTb, 4TO NOMA ItyMa Ha 
yuacTKe, B COOTBeTCTBHH C YpOBHeM 3BYKOBOTO 
aBIICHHA BHYTPUV 30HbI, Ob BbIZeIICHbI IBeTOM 
Tak, UYTO CHWKCHHe YPOBHA 3BYKOBOrO aBJICHHA 
mpoucxoyutT or kKpacuoro (95,0 ab) kK TeMHOo- 
(puomeToBoMy (89,0 wb) [9]. 

IIpopeqeHHbie UCciyeqOBaHvA MOKa3aIv, 4TO 
KaxybI UII co3sqaeT cBoe yYHUKasIbHOe 3BYKOBOe 
none. [lone HauOosee BBICOKOTO ypoBHaA (OT 89,3 
mo 92,1 ob, upu Hopme 75 yb) paciouwoxeHO Ha 
paccTosHuu B cpeyzHeM 2 Mo oT UII [8]. IIpu stom 
MMCHHO B yYKa3aHHOW 30HE paciOsIO2%*KeHbI padoune 
MectTa ollepaTOpos, OOCIY2KMBAaIOIWUX 
oOopyqoBaHve. OTMeTHM, 4TO Ha UCCIeyeMOM 
yuacTKe OlepaTopbl MOABepraloTCA BO3eHCTBUIO 
Wouew WWyMa OT HCTOUHMKOB, paciiOJIOMKeHHbIX Ha 
pacctosHuu 5 M pyr OT Apyra. DITO OTUeTIMBO 
IIpocuwexKUBaeTCA 10 OOMeH 30He CYMMHMpOBaHHA 
momen uryMa or WULI6 u ULL, BeryenenHou Ha 
puc. 2 CHHUM IBeTOM [9]. 

IIomuMo ollepaTopoB CTaHKOB, 3BYKOBOe MOE 
CO 3Ha4YeHHAMU 3BYKOBOTO JaBIeHHA OT 89,0 oO 
89,2 nb (30Ha TEMHO-uOTeTOBOrO WBeTa), OOMeH 
TJIOWMAaTbrO 140 M’, 


TaKoKe IIpeBbIMWaeyT 


HOPMaTHBHbIC 3HAYCHHA WY MOKCT BO31CHCTBOBAaTb 
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This graphical model is a general field of 
noise propagation on the site. It should be noted 
that the noise fields at the site, in accordance 
with the sound pressure level inside the zone 
were highlighted so that the reduction in sound 
pressure level goes from red (95.0 dB) to dark 
purple (89.0 dB) [9]. 

The studies have shown that each NS creates 
its Own unique sound field. The field of the 
highest level (from 89.3 to 92.1 dB, at a rate of 
75 dB) is located at a distance of approximately 
2 m from the NS [8]. It 1s precisely in this area 
where there are workplaces of operators serving 
equipment. It should be noted that at the site the 
Operators are exposed to the noise fields from 
the sources located at a distance of 5 m from 
each other. This is evident by the total area 
summation of the noise fields from NS 6 and 
NS 7, which are highlighted in Fig. 2 in blue 
[9]. 

In addition to operators, a sound field with 
sound pressure values from 89.2 to 89.0 dB 
(dark purple area), with a total area of 140 m’, 


also exceeds normative values and can affect the 
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Ha paOOTHHKOB MeXaHH4ecKOrO yu4acTKa, ba 
ipodeccHOHasIbHad JICATCIIbHOCTb He CBA3aHa C 
KaKOro-JIM00 


oOcJy2KUBaHHeM oOopy0BaHHA, 


ABJIAFOLETOCA MCTOUHHKOM MOBBILICHHOrO ypOBHA 
uryMa [9]. 
KommuilekcHaw MaTeMaTH4uecKan MOeb. JI 


peamM3ailuu KOMIMJI€KCHOW MaTeMaTH4ecKOn 
MOJeJIM ObLIO pellleHo BOCIIOJIB3OBaTbCA 
mporpaMMHonw cpezonw Mathcad Application, 


Bepcun 15.0. JlaHHbIit BEIOOp OBIT OCyIeCTBIIEH B 
CBA3H C TeM, 4YTO TporpamMuas cpeya Mathcad 
OTHOCHTCA K_ kuJlaccy 


CHCUMaAJIBHBIX  CHCTCM 


aBTOMATH3HpOBaHHOro IIPOCKTUPOBAaHHA, 
OPHeCHTMPOBaHHBIX Ha MOATOTOBKY MHTeEPpaKTHBHBIX 
JIOKYMCHTOB C_ BH3YyalIbHbIM COMPOBOKTCHHeM 
BbIuncIeHuH [10]. Kpome Toro, cpeyja oTmu4aerca 
OTHOCHTeCIBHOH MpOCcTOTOM UCIIOJb30BaHHA U 
WMeeT HWHTYHTHBHbIM UWHTepevic MOb30BaTeIA. 


Hadop PyHKWMH MOJHOCTbIO YOBJIETBOpAeT BCeM 


WHOKCHEpHbIM TpeOOBaHHAM = TIPOMBIMWICHHOW 
aKYCTHKH. 

OTMeTUM OCHOBHBIe JOMYyMeHuA 
MOJIeJIMpOBaHuaA: 

e BbipaKkeHve (1) cOocTOuT 43  JIBYX 
QJIEMCHTOB: TepBbI — YpOBeHb 3BYKOBOrO 
WaBieHua mpaMoro 3BykKa (L;), BTropow — 


OTpaxKeHHOro (Lo); HTOFOBbIM YPOBeHb 3BYKOBOrO 
yapienua (L,) — CyYMMa pe3yIbTaTOB BLIYHCICHHM 
II€pBOTO H BTOPOrO IJIEMCHTOB; 

e MOjlelIb pa3pa0aTbIBanach fia Y3JI ua 
cpeaqHereomMetpuueckon yactote 1000 In; 

e epemeHHpie xy, B, OD (B NporpaMMHBIx 


pacuérax — Q,), WwW, a TakxKe IlyMOBBIe 
XapaKTepHcTuKH UcTOUHUMKOB L);=99 vb (UII), 
In=91 ab (UHI6), L2:=101 amb (UIL7) 


COOTBETCTBYIOT CpeysIHereOMeTpuyeCcKON 4acToTe 
1000 Iu; 

e JIA MOCTpOeHuA rpaduka yuacTKa BBeJCHbI 
3HAaYeHHA KOOPAHHAT x, y, z Bcex Tpéx ULL, npu 
39ToM VMLI1 coorBetctByroT KoopauHatsl x1, yl, zl, 
VIN6 — x2, y2, 22, a MINT — x3, y3, z3. na 
MOJIYYCHUA MOeIM B TPDEXMEPHOM IIpOcTpaHcTBe 
3ajlaHO KOHTpObHOe 3HAYeHHe KOOPJIMHATHI Z, 
paBHoe 2; 

® HMCTOUHHKH IyMa IPpWHATbI TOUCUHBIMH, 
ITVJIBCHPYIOLUMMH B IIpocTpaHcTBe (S=477); 
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the mechanical whose 


professional activity is not connected with 


workers of area 


service of any equipment that is a source of 


high level noise [9]. 


Integrated mathematical model. For the 
implementation of an integrated mathematical 
model, it was decided to use the software 
environment Mathcad Application, version 15.0. 
This choice was made due to the fact that the 
software Mathcad belongs to a class of special 
computer-aided design, for the preparation of 
interactive documents with visual computing 
[10]. In addition, the environment is relatively 
easy to use and has an intuitive user interface. 
The all 


requirements of industrial acoustics. 


function set meets engineering 


Let us note the main assumptions of the 


simulation: 


® the expression (1) consists of two elements: 


the first 1s the sound pressure level of the direct 
sound (L,), the second — of the reflected one 
(L,); the resulting sound pressure level (Lp) is 
the sum of the calculation results of the first and 
second elements; 


®* the model was developed for SPL at a 


geometric mean frequency of 1000 Hz; 


°* the variables y, B, ® (in the software 
calculations — ®,), yw, and noise characteristics 
of sources L;=99 dB (NS 1), L,=91 dB (NS 6), 
L3=101 dB (NS 7) correspond to the geometric 
mean frequency of 1000 Hz; 


* to construct the graph of the site we enter 


the coordinates x, y, z of all three NSs, with NS 
1 corresponding to the coordinates x1, yl, zl, 
NS 6 — x2, y2, z2, and NS 7 — x3, y3, z3. To 
get a model in three-dimensional space we set 
the reference value of z-coordinate, which 
equals to 2; 


® the noise sources are believed to be point, 


pulsating in space (S=4z7r); 





e omatb orpaxkyarolmlux lMoBepxHocTel 


9) - 
cocTaBuiaeT 812 mM’, B Heé BXOAAT NOMAaIb CTeH U _— - 
it includes area of the walls and the ceiling; 


MOTOIKA; 

© a=0,1 nIpu oTcyTCTBHM * a=0,1 in the absence of sound-absorbing 
3BYKOMOPIOMAlOLMX OOMMIOBOK. linings. 

OnvcaHHble yCNOBHA, XapaKTepHcTHKH UH The described conditions, characteristics and 
BbIPaAKeHHA ObUIM 3aHeCeHbI B  JOKYMEeHT, expressions were written in a document that was 
cosqanHpmi =B Mathcad 15.0. Ha _ puc. 5 created in Mathcad 15.0. Fig. 5 shows a 
lipeaqcTaBseH (pparmMeHT pa3pa6oTaHHoi fragment of the developed mathematical model. 


MaTeMaTH4ecKON MOJICJIN. 


Ll := 99 L2 = 101 L3 = 91 §= 812 

| | | —_ ea | 

B = 107.8 x= 1 Po = 1 a= 0.1 

xl = 18.4 yl = 119 z1:=1 z= 2 

x2 = 3.5 y2 = 42 2:=1 

x3 = 3 y3 = 104 3=1 
Ln(x.y) = 1 \ 10°! 4_y.B0 r a” ee : 10° ty do 
eames Ce | i JF a. 3) r i a ae 2)? i es oe 3 

LL(x— x3) +(y—y3) +(@—z3) (x—x2) +(y—y2) + (z- 22) j(x—xl) +(y—yl) +(z-azl)_ 


Lo(x,y) = (Se }I(  aaieaa | ae 1 E3) 44 = a) | 


Lp(x,y) = 10-log(Ln(x,y) + Lo(x,y)) 


Puc. 5. DparMeHT MaTeMaTH4eCcKON Moses, Co3qaHHOu B Mathcad 15.0 


Fig. 5. A fragment of the mathematical model created in Mathcad 15.0 


@MuvHasIbHOW cTayMew pa3paOoTKH ABHJIOCb The final stage of the development was the 
moctpoeHue 3D-rpaduka 0 ONMCaHHbIM construction of a 3D graphics according to the 
3aBHCHMOCTAM — TrpaduKa ypOBHA 3BYKOBOTO described dependencies - the graph of sound 
napnenua L,. U3sHauanbHo OBI MocTpoeH rpaduK pressure level L,. Originally the graph of the 
IIOBEPXHOCTH C COOMIOJCHHeEM COOTHOIMICHHM BCex surface was built with the observance of the 
reoMeTpiy4ecKux pa3MepoB TOMeIIeHHA, ratios of all geometric dimensions of the room 
w300paxKeHHBIH Ha puc. 6. Jia HarsaqHOcTu depicted in Fig. 6. For better visual perception 
BOCIIPHATHA pWMMeH€H KOMIIOHCHT <«Kapta we applied the "color map" on the increment z 
I{BETOB>> 10 IpupalyjeHuto Z (L,) — «Panyra». (Lp) — "rainbow". 


® the area of the enclosing surfaces is 812 m’, 
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22 
Puc. 6. [paduk nopepxHoctu Y3JI 
Fig. 6. The graph of SPL surface 


OyHako aHHbI Buy 3D-rpaduka, HeCcMOTpa Ha However, this kind of 3D graphics, despite its 
CBOKO HarsIAJJHOCTb, He MO3BOJIAeT IIPOCIICIUTb C visual aspects, does not allow us to trace with 
HeEOOXOJMMOUM TOYUHOCThHIO pacnpeyeleHue ypoBHen precision the distribution of sound levels in 
3ByKa B IIPOCTpaHcTBe, TOITOMY OBbIIO MpHHATO space, so the decision was made to replace the 
pemieHue O 3aMeHe rpaduKa TOBepxXHOCTU graphics surface with "level lines", Fig. 7. 


«JIMHUAMU YPOBHA>), pic. 7. 





0 2 4 6 & 10 12 14 16 1é 2 2 


Puc. 7. JIumuu yposna 3J] 
Fig. 7. PL level lines 
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Ha nomyyeHHOM rpaduke sApKO- BbIpaxkeHo 
CYMMUpoBaHne DHEprMll WU OOpaz0BaHHe OOAacTH C 
OJMHAKOBBIMH WOKa3aTeiamMu Y3/J[, paBHbimu 90 
Wb, OXBaTbIBaIOWIeH Ba COCeqHHX MCTOUHMKAa 
urymMa: MIl6 u UILN7. ULI] we nonagaet B 9Ty 
OONacTb B CBA3H C ero yasIGHHOCTbIO OT JIBYX 
OCTAJIBHbIX HCTOUHUKOB. 

B yeux NpOBepKH aleKBaTHOCTH pa3padoTaHHoH 
MOJIeIM ObIIO MpOBeqeHO cpaBHeHHve LIYMOBBbIX 
TOJIeM, MOJIYAYCHHBIX B pe3ysIbTaTe pacueta (puc. 4) 
7) 


4TO IUTYMOBbIC KapTHHbI 


M MOerMpoBaHHuA (puc. CpaBHUTesIbHbIM 


aHaIM3 TOKa3bIBaeT, 
TpaPuKOB MMeIOT CXOHbIeC YepThI (WyOMMpye4rca 
XapakTepHad OOaCTbh CYMMAallHH LIYMOBbIX MOJIeH 
VIN6 u UUI7), a takxe uTo pacxoxyeHua B 
JAHHBIX I[BCTOBBIX OOaCTeH He3HA4MTeJIbHbI VU 


cocTaBJIAIOT OT 0,5 no 3 ab (4TO TpeHeOpexuMO 


Maio JWI aKyCTW4YeCKHX pac4ueTOB) Ipu 
kooImdduluente Koppesauu 0,87—0,95. 
IlozyueHHbie BbIBOJbI akoT OCHOBaHHe 


XapaKTepH30BaTb pa3paOOTaHHYIO MOJIeJIb Kak 


aATCKBATHYFO, 4TO WOSBOJIACT IIDOBOJUTb 


JjaIbHevtiMe UcCCIeqOBaHuA paciipeyzenenua Y3/JI 
Ha yuacTKe cC MUACHOJb30BAHHeEM pa3JIM4HBbIX 
KOMOHHAaUMH padoTaroluxX MCTOUHHKOB COrlacHo 
TEXHOJIOTMYeECKOMY TIporeccy. 

MccseqoBaHne IMMeKTHBHOCTH UIyYMO3alHTbI 


C TOMOLIbIO pa3padoTaHHon MO/IeJIM. 
Jloka3aHHad aj[eKBaTHOCTb pa3pa0oTKH MO3BOIIAeT 
HCHOIb30BaTb WpesaraeMy!O MOJIeJIb B OOAaCTU 
OlleHKH 9I(eKTHBHOCTH INYMO3allIMTbI, 4TO 
HOATBepKAaroT rpaduKku Y3/JI, mpezcTaBseHHbIe 
Ha puc. 8-10. Tak, Ha puc. 8 u300paxKeH rpaduk 
Y3/ MexaHuyeckoro yyacTKa Ip TpuMeHeHun 
3BYKONOTIOMarollen OOJIMIOBKU C 


KOIMMUIMeEHTOM 3BYKONOTIOMeCHHA Ha 


cpeqHereoMeTpnyueckow uyacrote 1000 Im mpu 


a=0,5, Ha puc. 9 npu o=0,7, a Ha puc. 10 pu 
a=0,9. 
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On the resulting chart, it is evident the 
summation of energies and the formation of an 
area with the same SPL of 90 dB, covering the 
two neighboring noise sources: NS 6 and NS 7. 
NS 1 does not fall into this region due to its 
distance from the other two sources. 

In order to verify the adequacy of the 
developed model we have compared the noise 
fields, obtained in the result of the calculation 
(Fig. 4) and the simulation (Fig. 7). The 
comparative analysis shows that the noise 
pattern graphs have similarities (the same 
characteristic region of the summation of noise 
fields NS 6 and NS 7), and also that the 
difference in the color areas are minor and range 
from 0.5 to 3 dB (which is negligible for the 
acoustic calculations) with the correlation 
coefficient 0.87—0.95. 

The findings provide a basis to characterize 
the developed model as adequate, allowing 
further studies of the distribution of SPL at the 
site using different combinations of sources 


according to the technological process. 


The study of the efficiency of noise 
protection using the developed model. The 
proven adequacy of the design allows us to use 
the proposed model in evaluation of the 
effectiveness of noise insulation, which is 
confirmed by the graphs of SPL, shown in Fig. 
8-10. Thus, Fig. 8 shows a graph of SPL 
mechanical part when using sound-absorbing 
lining with a coefficient of absorption at a 
geometric mean frequency of 1000 Hz when 
a=0,5, and in Fig. 9 with o=0,7, in Fig. 10 with 
a=0,9. 


is 


QTY BESONACHOCTb TEXHOPEHABIX UH TWPHPOATHBIX CHCTEM * 
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Puc. 8. Y3J] npu a=0,5 
Fig. 8. SPL with a=0,5 





Puc. 9. Y3J] npu a=0,7 
Fig. 9. SPL with a=0,7 
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Puc. 10. Y3J] npu a=0,9 
Fig. 10. SPL at a=0,9 


Vi3meHeHve TpaHuI, paciipoctpaHeHua moseu 


lyMa 
NOBbIMeCHHA IMMeKTHBHOCTH LIYMO3alMTbI pH 


ABIIACTCA HarIAHbIM OTOOpaxeHHeM 
YBeJIM4eCHHM KOIPDUUMEHTA 3BYKOINOFIONCHHA O 
oT 0,5 no 0,9 (HaOmHogaeTca CHHKeHHe Y3JI Ha 


paOouux MectTax Ha 8—13 JB). 


3akro4enne. Pe3yJIbTaTbI uccueqOBaHHA 
yKa3bIBaloT Ha ‘TO, 4TO liIpHMeHeHue 
pa3padoTaHHon MaTemMaTHu4yeckon MOJIeIM 
MO3BOJIAeT: 
® MHCCIIeOBaTb OcOOeCHHOCTH 
paciipoctpaHeHua u BbIABHTb yuacTkKu 


HanOoOJIbIueH KOHITCHTpaluu (yaacTKH CyMMallun) 
IIYMa B IIPOH3BOJCTBEHHOM ToMemleHun [12]; 

® OICHHTb BepOATHOCTb  pacilOuOxKeHHA 
padounx MeCT B 30HaX C IIpeBBIINIeHHeM ypoBHA 
3BYKOBOrO JaBieHua | 1 1 |; 

® BBITIOJIHHTb 


aHaJIH3 pauHOHaJIBHOrO 


pa3MelleHua OOOpyoBaHua WM paOouMxX MECT B 


IIPOH3BOJICTBCEHHOM OMeIIICeHHH C y4eTOM 
BJIMAHMA AKYCTHYeCcKOro dakTopa [13, 14]; 
e peqyoxKUTb HanOoree 9ddeKTUBHEIe 


MeTOJIbI H CpeACTBa CHWKeCHHA IIyMa, a Tak?Ke 
OLCHHTb 3*PeKTHBHOCTb CYIICCTBYFOIIMX CpeJICTB 
KOJIICKTHBHOM 3aMTHl [ 13, 14]. 

Ilo utToraM mpofenaHHOw paOoTbI aBTOPbI 


Boundaries change of the noise fields is a 
clear example of the increase in the efficiency of 
noise protection with increasing absorption 
coefficient a from 0,5 to 0,9 (a decrease of SPL 
at the workplace 8—13 dB). 

Conclusion. The results of the study indicate 
that the 


mathematical model makes it possible: 


application of the developed 

e to study peculiarities of distribution and 
to identify the areas of greatest concentration 
(summation areas) of noise in the workplace 
[12]; 

e to assess the probability of the location 
of workplaces in areas with higher sound 
pressure level [11]; 

e to perform analysis of rational location 
of equipment and workplaces in the production 
area taking into account the influence of 
acoustic factors [13, 14]; 

e to offer the most effective methods and 
means of noise reduction, as well as to assess 
the effectiveness of collective 
protection [13, 14]. 

On that basis, the authors consider it possible 


existing 
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CUHMTAlOT BOSMOXKHbIM PCKOMCHJIOBaTbh BHCJIPCHHe 


MOWeM WU OTJICJIbHBIX eC KOMIIOHCHTOB B 
cle qyroulue Mpoueccsl: 

e poeKTupoBaHve UU aHasiM3 akyCTH4ecKON 
Harpy3KU IIpOU3BOJICTBCHHBIX MOMEINeHHH, OlleHKa 


IIYMOBOLO 3arpxA3HCHHA OKPy2Karollen CpeyIbI; 


e OfroToBKa OakajlaBpoB HalipaBsieHua 
«TexHocdepHaa Oe30MacHOCTb»» (Ipu 
pa3paOoTKe 3IeEKTPOHHBIX y4eOHO- 

Me€TOJMYCCKUX KOMIIJICKCOB); 

© jJ{ONMOJHUTeIbHOe oOpa30BaHHe 110 

HalipaByieHuio «TexHocdepHad Oe30MacHOCTb»» 


(1d OOYYCHHA UCHOIb30OBAHHIO MH(OPMallMOHHBIX 
TEXHOJIOFMH pu akyCTHYeCKUX pacyderTax); 

e oOyyeHHe paOOTHHKOB  IIPOMBIIIWJICHHBIX 
IIPeAMIpuATHM OCHOBAaM OXpaHbI Tpyyla (B KayecTBe 
Hara JHOrO MaTepuaia); 

e poleyypa chelMaibHon OWeHKH ycuOBui 


Tpya (JWIa OLEHKH akycTHYecKoro PakTopa). 
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to recommend the implementation of the model 
and its individual components in the following 
processes: 

e design and analysis of acoustic load of 
production areas, assessment of noise pollution 
of the environment; 


e preparation of bachelors in 


"Technosphere safety" (when developing 


electronic educational-methodical complexes); 

e additional education in "Technosphere 
Safety" (training in the use of information 
technology in acoustic calculations); 

e training of industrial workers in the 


basics of occupational safety (illustrative 


material); 

e procedure for special assessment of 
working conditions (for the evaluation of the 
acoustic factor). 
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